The incidence of cancer increases progressively with age. Rearrangements of genomes have been found to accompany cellular aging. These factors, in concert with age-dependent alterations in immune function and host defense, may help to explain the increased risk of malignant disease in aged persons. The clinical presentation and natural history of neoplasia are also affected by aging. This conference reviews recent developments in these areas, examines the effects of drug use in the elderly and implications for management, and discusses current information on how age may influence the response of cancer to therapy.
At the cellular level the general trend is toward decreased replicative ability and shrinkage of stem cell compartments in all types of cells (5). During fetal life, tissue expansion is accomplished by proliferation of diverse cells with similar growth rates that peak just before birth (Figure 1). Growth of virtually all organs ceases during
adolescence as the somatic proportions of adulthood are attained. Thereafter, tissue homeostasis is maintained with only a fraction of the mitotic activity occurring that is seen during intrauterine life, except after cell injury or in enlightened physiologic demand.
Parenchymal and supporting cells can be classified into three main types on the basis of their mitotic capacity in adulthood: continuously mitotic, such as gastrointestinal, hematopoietic, epidermal, and spermatogenic cells; intermittently mitotic, best exemplified by hepatic parenchymal and renal tubular cells; and nonmitotic, such as neurons and cardiac and skeletal muscle cells. Against this backdrop of gradually diminishing replicative ability, carcinogenesis poses a paradox, in essence, "runaway" replication of cells. Indeed, senescence features an increasing number of multifocal hyperplasias (6) that culminate, in rare cases (rare with respect to the 10 13 cells in our bodies, but common for each person), in malignant neoplasms.
In this review we attempt to explain a major concomitant of biologic aging, malignant disease, in light of available data from epidemiologic, cellular, and molecular research. Evidence is presented to support the hypothesis that aging involves genomic rearrangements that are often subtle. Because aging is a universal process, such rearrangements are reproducible and perhaps similar to those that accompany certain kinds of development and cytodifferentiation. In contrast, the rising risk of malignancy with age reflects the lifelong accumulation of DNA rearrangements or other somatic cell mutations that can occasionally cause cell transformation. Although this transformation immortalizes the cells in terms of growth, it is profoundly deleterious to the patient.
The relation between chromosomal alteration and malignancy is well documented (7) . Moreover, several inherited human disorders that feature chromosomal breakage and a high frequency of malignant disease are now known to involve various abnormalities in DNA repair or recombination (8) . Less widely recognized is that many of these same genetically determined syndromes also have an early onset and accelerated progression of biologic aging in one or more organ systems (5) , adding yet another link in the association between malignancy and aging (9) . This relationship strongly suggests that alterations in the integrity of the genome, either by deleting or scrambling DNA sequences, lead to the loss of genetic information required for control of cell division and thereby bring forward in time both a normal process, cellular aging, and an abnormal process, cancer. Whereas virtually all of these inherited disorders are relatively rare, the heterozygous carrier state is much more common, as is implicit in the Hardy-Weinberg equation (10) . For example, in the rare autosomal recessive disorder ataxia telangiectasia, which has a gene frequency of approximately 1 in 40 000, the carrier state occurs in 1% of the population (11) . Indeed, these carriers are at a substantially higher risk than the population at large for the development of malignant diseases of various organs (11) . More recently, a similar increased risk for various internal as well as skin malignancies has been found for carriers of the gene for xeroderma pigmentosum (12) . Therefore, if we take all heterozygous carriers for the breakage syndromes alone, a substantial number of persons is at risk, perhaps more than 10% of the population. Indeed, this phenomenon would explain epidemiologic data (4) that indicate an age-dependent rise in the proportion of mortality due to cancer up to age 60, but which falls off dramatically thereafter. What we are likely seeing, therefore, is the "killing off' by cancer of the genetically at-risk population, leaving a surviving population depleted of the predisposing genes.
Virchow's idea in the 1850s (13) of a limited tissue response to injury remains pertinent: Each tissue has a restricted functional capacity according to its differentiated state. This reponse can now be explained in molecular terms as the activity, in a like group of cells, of a specific set of biochemical traits ordained by the expression of a limited set of genes (14, 15) . By the same token, in pathology, each differentiated cell is limited to a particular set of phenotypes. For example, the commonest agedependent disease in continuously mitotic cells, such as gut and marrow cells, takes the form of tumors, whereas intermittently mitotic cells, such as endothelial or smooth muscle cells, are predominantly involved in degenerative phenomena such as atherosclerosis and only rarely in malignancy. At the other end of the spectrum, the neuron, the archetypic nonmitotic cell, virtually never develops a tumor, in contrast to its glial or meningeal supporting cells, but rather becomes involved, depending on the specific anatomic site, in various age-dependent degenerations leading to specific disorders such as Alzheimer's and Parkinson's diseases. What is required for carcinogenesis, therefore, is frequent cell turnover, which implicates events intimately related to DNA replication or recombination.
TISSUE CULTURE STUDIES IN HUMAN AGING
Over 2 decades ago Hay flick and Moorehead (16) showed that normal human fibroblasts have a limited capacity to multiply in vitro. Subsequently, Hayflick (17) and others (6, 18, 19) have shown an inverse relation between the number of cell doublings of several fibroblast strains and the age of the donor; that is, the older the person is, the fewer doublings his cultured cells achieve before replicative senescence ( Figure 2) . Furthermore, cells propagated from persons with inherited disorders of premature senescence show shortened lifespans compared to those of age-matched controls. Thus, physiologic age (the collective effect of lifelong genetic and environmental influences) rather than chronologic age is the prime determinant of the cellular lifespan.
When fibroblasts are starved for serum or deliberately crowded without subculture, they cease to divide. However, when such arrested cells are allowed to resume active replication after various times in the nonreplicative state, they go on to register the same total number of replications as do continuously dividing cohorts (20) . Clearly, their calendar time has been extended. Thus, fibroblasts in vitro and perhaps replicating cells in vivo have a critical limit of total cell divisions. The faster they divide, the sooner they reach this limit and become senescent. It follows that acceleration of cell turnover for* any reason, whether due to intrinsic genetic defects or extrinsic stimuli (particularly in vulnerable tissues such as vascular and epithelial surfaces), will hasten the advent of age-related diseases (atherosclerosis and cancer, respectively). 
MOLECULAR EVENTS IN CELLULAR AGING
Despite their inevitable loss of replicative capacity during serial passage, fibroblasts appear to maintain a grossly stable diploid karyotype on cytogenetic analysis. However, more sensitive analyses at the molecular level have shown a generalized loss of highly repetitious DNA sequences during replicative aging. Three broad classes of DNA exist in the human genome: highly repetitious DNA sequences, present in 10 5 to 10 6 copies but whose function remains poorly understood, despite their abundance (they comprise about 25% of the genome); middle repetitious DNA, present in 10 to 10 4 copies per genome and including genes for ribosomal DNA and transfer RNA; and "unique" sequences, which include most of the genes that code for proteins such as hemoglobin, enzymes, and surface antigens.
The loss of highly repetitious DNA has been shown in specific sequences located at the centromeres of chromosomes (hRI satellite sequences) (21) and at other indeterminate sites in the genome (22) . Additionally, total repetitious sequences, as assessed by kinetic analysis (21) , become 20% to 30% depleted during the replicative lifespan of several human fibroblast strains. After excluding alternative explanations including DNA divergence, base modification, cell cycle changes, or loss of specific chromosomes, we conclude that these sequences are deleted from the genome.
To explore the nature of this DNA instability, we used a low-repetition sequence interspersed among certain highly repetitious DNA (23) . This sequence was isolated after its identification in the human genome within a cluster of the highly reiterated Alu repeat family of sequences present in 10 6 copies per genome. A novel polymorphism of this inter-Alu sequence was seen in tissues of single donors and between lymphocytes of different leukemic and normal donors in both the banding pattern and copy number. This polymorphism was visualized as variability in the length of DNA fragments generated after digestion by several restriction endonucleases and different intensities of autoradiographic bands. Much of this variability was traced to circular extrachromosomal molecules containing the inter-Alu sequence (23, 24). However, an alternative possibility, that they also reside at interspersed genomic locations, could not be excluded. These observations represent an important milestone in studies of human DNA and are consistent with the idea that the inter-Alu/Alu repeat cluster is mobile.
On examining total cellular DNA of six human fibroblast strains at early and late passage with the inter-Alu probe, we found an approximately constant number of copies within the chromosomal (genomic) bands. However, four of six cell strains showed additional discrete bands appearing for the first time or increasing at late passage (24). The sizes of these bands after restriction endonuclease digestion ranged from 1.6 to 8 kilobase pairs, and the degree of amplification also varied from strain to strain. Notably, all fibroblast strains maintained an essentially diploid karyotype throughout passage, yet showed evidence of subtle DNA rearrangements. Various experiments have characterized these DNA sequences as extrachromosomal circular elements (24) .
To extend these observations to "real" aging of somatic cells, we examined circulating blood lymphocytes from young and old normal donors. Chromosomal inter-Alu copies ranged from 2 to 40 copies per cell with no obvious correlation to donor age. However, a pronounced age dependency was seen in a single additional band at 4. Experiments in our laboratory are exploring whether the circular DNA in old-donor lymphocytes contains sequences homologous with those of various immunoglobulin genes and oncogenes.
In contrast to the striking rearrangements during immunoglobulin gene ontogeny, no evidence has been seen of DNA rearrangement in other genes during vertebrate development. However, experiments on nuclear transplantation are of great interest. Nuclei of somatic cells have been regarded as totipotential and therefore fundamentally similar to those of the germ line. But whereas transplantation of nuclei from a tadpole midgut cell to a fertilized egg or early blastula can lead to development of a normal frog, the fraction of viable embryos produced in this way never exceeds 2%, a limitation that may reflect the proportion of totipotent stem cells in the donor tissue. Moreover, no one has ever succeeded in producing a normal animal from nuclei taken from an adult somatic cell (28). Therefore, subtle gene rearrangements during development may lead to irreversible commitment of somatic cells to a given line of gene expression with reciprocal loss of totipotent function. By the same token, aging of somatic cells may proceed as a terminal differentiation with progressive narrowing of options. In such a determined mechanism, excision or rearrangement of DNA sequences, such as the highly reiterated hRI and Alu sequences, might lead to diminished DNA replication, cellular senescence, and ultimately, physiologic decline. However, appearance of the DNA elements as extrachromosomal circles that can undergo autonomous replication would enhance the opportunity for random aberrant insertions within a rare cell leading to abnormal DNA replication, the focal hyperplasias of aging (6), and in even rarer clones, malignant transformation.
It seems likely that other mechanisms are involved in senescence besides change in the number of DNA sequences and their spatial configuration. We and others have shown imperfect transmission of DNA methylation patterns from cell generation to generation, particularly in the vicinity of unique genes coding for specific proteins within a fraction of clones (22, 29) . If DNA methylation is important in maintaining gene repression, then demethylation may lead to leaky expression of normally silent genes in individual clones, even though leakiness for any gene may be low or undetectable in a background of polyclonal cell populations.
In conclusion, it is reasonable to suggest that biologic aging is a physiologic process, an epilogue of development originating within the genome (2). The inherited load sets the limits for the basic genetic program. Mutations associated with the chromosomal breakage syndromes predispose persons to accelerated turnover of mitotic cells, followed by genomic rearrangements and the early advent of polyclonal, hence multifocal, malignancy. But the specific malignancy seen depends not only on the differentiated cell target but also on the cumulative and specific nature of the environmental exposure. In short, aging and carcinogenesis proceed along an uneven front, occurring sooner in some cells and later in others of the same differentiated class. Future studies should show the specific nature of genomic changes during aging of each cell type and explain the relation of these changes to malignant transformation. The function as well as the structure of the immune system change with age. More than 50 years ago the titer of antibodies to sheep erythrocytes in sera from humans of varying age was measured, and the level of anti-sheep erythrocyte antibodies was highest in persons between 15 and 25 years of age and then declined with age (37). Fifteen years ago Rowley and colleagues (38) confirmed these findings by showing that the natural antibody to bacterial flagellin declined with age, but they also showed that the percentage of persons with antinuclear antibody increased with age. They suggested that aging was associated with a decreased response to foreign antigens and an increased response to autologous antigens. The disordered humoral immune system is also shown by the increased incidence of benign monoclonal gammopathy with age. The age-associated incidence is probably related to the loss of thymic function. A small percent of old mice, like humans, have benign monoclonal gammopathies. As Radl and colleagues (39) have shown, neonatal thymectomy leads to an earlier onset and a higher frequency of monoclonal gammopathy. It is reasonable therefore to believe that thymic involution contributes to the increased occurrence of autoantibodies and benign monoclonal gammopathies in the elderly.
Cell-mediated immune function also undergoes senescence. One half of healthy persons over age 60 have impaired delayed cutaneous hypersensitivity. Furthermore, lymphocytes from elderly patients with tuberculosis are impaired in in-vitro proliferative response to the purified protein derivative of the mycobacteria. This important observation suggests that aging is associated with an intrinsic defect of the lymphocyte and not the effect of an aged host environment on a normal immune system. It is important to note that the functional assay used to assess immune competence involved the proliferation of T cells. Leonard Hay flick (17) had suggested that the loss of the replicative potential was an important marker of cellular senescence; the increasing compromise in immune function with age resulted from a loss of the proliferative capacity of lymphocytes.
Our first immunobiologic study of aging made use of two T-cell mitogens, phytohemagglutinin and pokeweed mitogen, which stimulate the proliferation of T lymphocytes (40). T lymphocytes from old persons incorporated significantly less 3 H-thymidine than did T lymphocytes from young persons. Although young and old persons had equal numbers of T cells in blood, fewer T lymphocytes from old donors were activated by mitogen. Furthermore, those T lymphocytes from old donors that were activated divided fewer times in culture than did the activated T lymphocytes from young donors (40). Some of the T cells from old donors that were not activated were post-mature; others were premature and came from the bone marrow after the thymus had lost its capacity to cause differentiation. These cells gain immunocompetence if exposed to thymic hormone. Certain immune functions of old mice were restored by exposing spleen cells from old animals or the old animals to thymic hormone (41).
Our interpretation of the impaired incorporation of 3 H-thymidine as a basic proliferative defect associated with immune senescence was set back when it was found that lymphocytes cultured with mitogens and exposed to 3 
H-thymidine suffered cell cycle arrest (42). The impaired incorporation of 3 H-thymidine by T cells from old donors might reflect increased sensitivity of T cells from old donors to ionizing radiation rather than a proliferative defect.
We confirmed that The increased susceptibility of cells from old persons to chromosomal damage by 3 H-thymidine suggests increased susceptibility not only to chromosomal rearrangement but also to the toxic consequences of irradiation and radiomimetic drugs. The degree of cell cycle arrest or chromosomal damage induced by 3 H-thymidine may be used as a "chromosomal tolerance test" to judge the susceptibility of persons to cancer and drug toxicity. In the future, oncologists may choose therapies not only on the basis of sensitivity of the tumor cell to cytotoxic drugs but also on the basis of lack of toxicity of these drugs for normal cells. The percentage of adipose tissue in total body weight increases with aging, which tends to prolong the total duration of action of some drugs with large volumes of distribution, such as diazepam, chlorpromazine, and digoxin (61) (62) (63) (64) (65) (66) . For most poorly lipid-soluble drugs, including acetaminophen, phenylbutazone, warfarin, and sulfamethizole, no significant differences in distribution have been found. However, in the most extensive study reported, both the initial and steady-state volumes of distribution of diazepam increased linearly with age (67). On the other hand, a marked reduction in the apparent volume of distribution of propicillin, a poorly lipid-soluble drug, in elderly persons was attributed to lesser degrees of tissue distribution (67) . Drug Metabolism and Hepatic Blood Flow: Drugs and other xenobiotics are acted upon by liver enzymes that convert them to water-soluble compounds more easily excreted by the kidney and gallbladder (68) . These metabolites may be more or less active, but they are usually inactivated by the process. Several antitumor agents require activation, for example, conversion of cyclophosphamide to 4-hydroxycyclophosphamide.
Drug Use in Elderly Patients
The mass and blood flow of the liver both decline with age (up to 40%) (48, 57) ; however, the metabolic capacity of this organ is great, and changes in drug metabolism with age are not as easily predicted as are decrements in renal function. Activity of the hepatic metabolizing enzymes is less inducible in older persons who smoke cigarettes, as evidenced by studies of antipyrine and propranolol (48, 56, (68) (69) (70) . Metabolism of quinidine, theophylline, nortriptyline, and some benzodiazepines is also reduced in the elderly (48, 57, 65, 71) . Chemotherapeutic agents metabolized by the liver include fluorouracil, doxorubicin, duanorubicin, vinblastine, vincristine, and etoposide.
Hepatic blood flow falls with increasing age, resulting in increased potency and duration of action of certain drugs that are highly extracted by the liver after gastrointestinal absorption (72) (73) (74) (75) (76) . These drugs are rapidly cleared on "first-pass" uptake and have low oral bioavailability (47, 48, 72) . Some examples of this type of drug are lidocaine, propranolol, amitriptyline, chlorpromazine, verapamil, morphine, and isoproterenol.
Renal Excretion: With aging, substantial decreases occur in both glomerular filtration rate and renal blood flow (77, 78) . These age-related changes in renal function are the most definitively proven pharmacokinetic deficiencies in the elderly (66, 71, 79, 80) . Drugs that are primarily cleared by these routes must be used with caution. Commonly used anticancer drugs cleared by the kidney are cisplatin, methotrexate, and bleomycin.
End-Organ Sensitivity: Although the elderly are widely believed to be more sensitive to drugs, few data exist on this subject. Excess sedation due to diazepam, chlordiazepoxide, and flurazepam has been reported in persons over 70 years of age. Some of these effects can be explained by pharmacokinetic changes that have been described earlier, but an enhanced central nervous system response seems to occur as well (65, 81, 82) . No information is available on the effect of age on end-organ sensitivity to chemotherapeutic agents. As described below, the higher prevalence of bone marrow toxicity in persons after chemotherapy for certain neoplasms may indicate increased sensitivity of hematopoietic cells to chemotherapeutic damage.
Unequivocal changes in sensitivity to warfarin appear to occur with age. One epidemiologic study (83) initially suggested increased sensitivity to warfarin in the elderly, but a later report showed that the pharmacokinetics (clearance and protein binding) of warfarin are unchanged but that the elderly have a prolonged and increased anticoagulant response to a single dose of warfarin (84) . The elderly were shown to have a greater degree of inhibition of synthesis of vitamin-K-dependent factors than did a younger group (83) .
In contrast, older persons are less sensitive to the effects of infused isoproterenol and less responsive to the beta-blocking effects of propranolol (85). The currently available information does not allow any generalizations about drug sensitivity in the elderly.
DRUG INTERACTIONS
Drug-drug interactions may occur in elderly patients with cancer, resulting in either augmentation or decrease of pharmacologic activity. These interactions may occur in a setting of multi-drug therapy used for the many chronic disease states found in elderly persons. Drug interactions can arise from drug effects on the absorption, distribution, biotransformation, or excretion of other drugs, but interactions can also be used as beneficial contributions to therapy. However, undesirable or unsuspected interactions that are deleterious to the patient must be anticipated in elderly patients receiving a large number of drugs and having impaired homeostatic mechanisms.
Drug interactions may be of the pharmacodynamic or pharmacokinetic type. Pharmacokinetic effects are those that potentiate or diminish the activity of other drugs and that are mediated by drug actions on the absorption, distribution, excretion, metabolism, or protein binding of other drugs. Both types are more frequent and more severe in the elderly due to a lesser capacity for compensatory responses (Table 1) The medical profession will continue to be faced with a growing number of aging patients with cancer. Today, 11 % of the population, or 23 million Americans, are 65 years of age or older. In 50 years, this percentage is expected to rise to 18%, or 55 million. Moreover, significant age shifts are occurring within the older segment of our population, so that a greater number of persons will be 75 years and older. SURVIVAL A key question concerns the effect of age on prognosis of the patient with cancer. There are conflicting reports on this question. With respect to breast cancer, some data suggest that age may have a favorable effect because of a higher incidence of estrogen-receptor-positive tumors with age (88). Although this conclusion was supported by data from a study done in British Columbia, it was not supported by those from Japan (88). For multiple myeloma, survival rates in Austria were found to be similar for young and old patients, when referring strictly to cause of death due to multiple myeloma (89 Several factors might influence survival in elderly patients with cancer. There may be a difference in biology of certain tumors with aging, and intercurrent medical illnesses may compromise the elderly patient's ability to withstand the effects of cancer or treatment interventions. When the patient seeks medical attention can also affect prognosis, because the stage of cancer at diagnosis is known to be an important prognostic factor. Therefore, if the elderly delay seeking medical care, they may present with a more advanced stage. Available data suggest that generally stage at presentation is as likely to be localized in the elderly as in younger patients (97), but two exceptions have been recognized: In carcinomas of the cervix and colon, the elderly are more likely to present with more advanced disease. With cervical carcinoma, this later presentation may be due to decreased use of Papanicolaou smears for screening in older women (97). Efforts should be made to develop methods to screen for cervical and colorectal carcinoma in the elderly.
TOXICITY TO CHEMOTHERAPY
Relatively little attention has been given to study of the optimal management of elderly patients with cancer. With respect to chemotherapy, it is not clear whether elderly patients differ from younger patients in responsiveness or tolerance. Various factors might be anticipated to decrease responsiveness to cancer chemotherapy. Noncompliance can be more of a problem in the elderly, underdosing with chemotherapeutic drugs may be more prevalent, and the biology of tumors may be different. Decreased tolerance of antineoplastic therapy might also be expected. Both renal and pulmonary function decrease with age, bone marrow cellularity decreases, and pharmacokinetics are altered.
Toxicity to chemotherapy was retrospectively studied in elderly patients treated on six Eastern Cooperative Oncology Group protocols for lung, breast, or colorectal carcinoma (98). In the lung cancer and colorectal carcinoma protocols, "elderly" was denned as greater than 70 years of age, but in the two breast cancer protocols, only patients aged 60 to 65 years were in the elderly group (patients over 65 were excluded by eligibility criteria). No increase in frequency or severity of toxicity in elderly patients was found. The younger and older age groups were similar in important clinical variables, such as performance status, prior radiotherapy, and presence of liver metastases. However, the patient population was selected in terms of protocol eligibility criteria that required normal renal, hepatic, and cardiovascular function and excluded patients with significant concomitant illnesses. These criteria exclude many elderly patients and therefore this sample was not representative of the general elderly population.
Although a significant difference in toxicity was not found in elderly patients, hematologic toxicity was 36.7% in older patients with breast cancer compared with 28.3% in younger patients. This difference could conceivably have been greater if patients over age 65 had been included in these studies. Studies including patients over 65 are therefore needed to address this question.
Responsiveness of elderly patients to chemotherapy was not shown by the study of the Eastern Cooperative Oncology Group protocols (98), because three of the six protocols involved tumors that show little response to chemotherapy. In contrast, striking evidence has been seen for the effect of age on response and survival in patients with Hodgkin's disease. Patients over the age of 40 with advanced Hodgkin's disease have a decreased survival compared with younger patients, when treated with MOPP (mechlorethamine, vincristine, procarbazine, prednisone) combination chemotherapy (92). Similar findings have been reported for patients over age 60 (93) . In two clinical trials by the Cancer and Leukemia Study Group B (93), 385 previously untreated patients with advanced Hodgkin's disease were treated with several multi-drug regimens. Dosages were not decreased for age, but rather standard dosage adjustments were made for myelosuppression. In 205 patients under age 40, the complete remission rate was 70%. In 107 patients between ages 40 and 59, 66% had a complete remission, and in 73 patients over 60, only 40% responded.
Little information is available on the responsiveness to chemotherapy of other types of cancer as a function of age. Patients over age 70 with small cell carcinoma of the lung responded to combination chemotherapy even in the presence of intercurrent medical illnesses (99), but this study was a retrospective analysis of elderly patients treated with different combinations of chemotherapy and did not include a similar group of younger patients. In breast cancer, response to specific chemotherapeutic agents may vary with age. Older women respond less well to melphalan, cyclophosphamide, methotrexate, and fluorouracil than do young women (100). In contrast, two studies by the Southwest Oncology Group (101, 102) indicate that older patients respond better to doxorubicin, either as a single agent or in combination chemotherapy, than do younger patients. The responsiveness of elderly patients with acute nonlymphocytic leukemia to chemotherapy is controversial. Some studies have reported similar complete remission rates and median remission durations in older and younger patients (103-105), whereas others have found decreased remission rates in older patients (94, 95).
SUMMARY
A problem common to all these studies is the selection bias. Many elderly patients are excluded because of arbitrary age limitations or because they are considered too old or too frail for treatment. However, entry of eligible patients of all ages should be encouraged for development of optimal cancer treatment regimens for the elderly (106).
Many elderly patients appear older or younger than their actual age. It may be that tolerance and response to cancer chemotherapy vary more with physiologic age than chronologic age in elderly patients. The assessment of physiologic age has been a focus of attention for many years; however, variables that most closely estimate physiologic age remain controversial, and further study is needed in this area (107).
In summary, the studies discussed above leave many questions unanswered regarding cancer chemotherapy in the elderly. To address these questions, prospective clinical trials should be designed to include solid tumors sensitive to chemotherapy, so that there is a reasonable probability of observing age-related effects. Entry into these studies of all eligible patients from the entire age spectrum should be encouraged.
